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GAMMA-IRRADIATION STERILIZED POLYETHYLENE

PACKAGING

Technical Field

The invention relates generally to sterilized packaging and. in particular, the

invention relates to the use of polyethylene in the packaging of product materiaJs for use

with gamma-irradiation sterilization.

Background Information

Gamma irradiation is frequently utilized as a sterilization technique for food,

medical devices and medicinal products, as well as their respective packaging, i.e., some

form of container. This is particularly true in the case of plastics: where sterilization

techniques requiring heat may exceed the softening, or even melting, point of the plastic.

Other sterilization techniques using aqueous or gaseous sterilants may also be

unsatisfactory, due to contamination concerns or the like.

Gamma irradiation is usually carried out in one of two ways. A first method is to

locate an article by a radiation source, typically a radioactive isotope of cobalt or cesium.

The radiation source is commonly housed in steel casings, which are kept in a pool of

water to absorb the gamma radiation while not in use. Articles to be irradiated are

located near the pool of water and receive gamma irradiation when the casings are lifted

out of the pool. A variation on this method is to pass the article by the radiation source

using a conveyor.

A second method is to focus a beam of radiation directly on an article. This

sterilizer unit typically contains a housing for containing the radiation source, a focusing

ring for concentrating the radiation to a more localized region, and a beam outlet.

Articles for sterilization are passed through the focused radiation, typically using a

conveyor. In any irradiation method, radiation exposure is determined by the intensity

of the radiation source or beam, and the length of exposure.

While gamma irradiation has its advantages over other forms of sterilization, it

also has detriments. Irradiation of plastics results in energy transfer that is nonspecific

both spatially and molecularly in the polymer. Two major chemical reactions occur as a

result of this energy transfer: 1 ) crosslinking of the polymeric chains and 2) scission or

the breaking of bonds resulting in creation of free radicals. BioMedical Polvmers
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Meials. and Composnes
.
ch. 44. pp. 1001-18. "lomzmg Radiation's Eflec.s on Selected

Biomedical Polymers." Sk.ens. W.E. and WiH.ams. J.L. (Technom.c Publishmg Co..

1983) (hereinafter "lonizino Radiation"). Both of these reactions may occur

simultaneously, and the predominating reaction dictates whether the polymer is

degraded (.scission) or increases in molecular weight due to polymerization

(crosslinking).

Degradation products of the radical-induced reactions resulting from scission can

consist of low molecular weight compounds (including the evolution of gases),

unsaturation sites in the polymer chain (often the cause of discoloration), and peroxy

species (which can abstract hydrogen to form hydroperoxides) in the presence of

oxygen. Radicals resulting from iiradiation can be long-lived and result in post-

irradiation effects. These radicals can be trapped ,n the irradiated polymers and react

overextended periods of time; the reaction rate depends on the reactivity of the sample

and the mass transfer characteristics of the system. Oxidative reactions normally lead to

scission, and cause deterioration in mechanical .properties of the polymer. Free radicals

produced by irradiation in oxygen-containing ambients, e.g., air, are often rapidly

converted into peroxidic radicals.

Additives are often utilized to reduce the damaging effects of irradiation of the

polymer. These types of additives are often called antirads. The antirads can either

directly reduce damage by absorbing radiation and preventing interaction with the

polymer, or indirectly reduce the effects of the damage by readily combining with the

radiation-generated free radicals in the polymer. Antirads often also act as antioxidants.

The effects of gamma irradiation on polymers have been extensively studied.

See, e.g., Thayer, Donald W.. Chemical Changes in Fond Pn.i<aging Resuh.nc from

Ionizing Irradiation
, Food and Packaging Interactions, ch. 15 (1988) (hereinafter

"
Chemical Changes" ); Killoran, John J., Chemical and Physical Chanpe. in FnnH

Packaging Materials Exposed to Inni.ino p.h..^ Radiation Res. Rev., vol. 3, pp.

369-388 (1972) (hereinafter "Chemical and Phvsical Chanpas"V Ionizing Radiation .

Killoran notes that the radiation stability of plastic films may be related to the total

quantity of gaseous products evolved as a result of the ionizing radiation treatment.

Chemical and Phvsical Chanpcs. p. 376-77. As noted above, the evolution of gaseous

products is an indicator of degradation by scission. Killoran further notes that research

ranks plastic films m order of decreasing radiation stability, based on this scission-
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related criteria, as poiyeihyiene terephlhalaie > polystyrene > poiyiininoundecyl >

poiy(viny]idene chloride-vinyl chloride) > polyethylene. Id. ai 377.

Of major concern lo the pharmaceutical industry is the oxidative degradation of

aqueous and oil-based fonnulaiions packaged in gamma-irradiation sterilized plastic

5 coniamers. For many medicinal products packaged in plastic containers, either pre- or

post-filling sterilization may be required. The free radicals produced as a result of

scission during the irradiation of the polymeric packaging often lead to oxidative

degradation of the medicinal product in contact with the polymer. Oxidative

degradation of a medicinal product can result in lower potency of the active ingredient,

10 reduced formulation efficacy, higher levels of impurities, unacceptable formulation

physical properties, shorter product shelf life, and subsequent monetary losses related to

reduced shelf life.

Although product safety is necessary for both foods and pharmaceuticals, the

requirements for an irradiated packaging material for pharmaceuticals are more stringent

15 than those for irradiated packaging materials for the food industry. Oxidative processes

which can be tolerated or ignored in food applications may be unacceptable in the

pharmaceutical industry, since food industry product concerns are primarily qualitative

and subjective (organoleptic, i.e., the food's palatability, flavor, consistency, color, odor,

etc.) while pharmaceutical industry product concerns are quantitative and objective.

20 The criteria for packaging materials for foods that will be irradiated consist

primarily of 1) no significant negative change in any of the packaging materiars

important physical/mechanical characteristics (which may include toughness, tensile

strength, tear resistance, hardness/pliability, resistance to solvents/light/humidity/etc.)

and 2) that the packaging material not contaminate the food with irradiation-produced

25 compounds.

"Safe for use after irradiation" is the primary regulatory criterion for packaging

materials proposed for use in radiation-treated food stuffs. See, e.g., 21 CFR 179.45

(U.S., 1998), Packaging Materials for Use During the Irradiation of Prepackaged Foods.

The requirements for pharmaceutical products are thai they be safe, efficacious, and

30 consistently possess known, measurable or quantifiable characteristics - such as potency,

strength, and purity. These requirements arc currently mandated by various laws.

Even minor changes to the pharmaceutical's physical, chemical, or biological

properties (as may be caused by or initiated by contact with irradiated packaging

-3-
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maienals.) can and of.en do render ,he med.dna) produc. unfn or unsafe lor us m.ended
use. For example, irradiated pnckag.ng ibr piiarmaceui.cals mu.s, no. promote even
mtmmal (le.s,s then 10% for antibtotics) ac.ve ingredient potency lo.s.s over the shelflife
of the product which ts often two to five years. Accord.ngly, „ ,s not reasonable nor
prudent to assume that stmply because a materia] ks acceptable for packaging irradiated

food staffs, it will be an acceptable packaging material for a pharmaceutical product
over the entire shelf life of the pharmaceutical.

For the reasons slated above, and for other reasons staled below which will

become apparent to those skilled in the art upon reading and understanding the present
specification, there is currently a need for polymeric packaging materials suitable for use
with produc. materials following gamma-irradiation sterilization, and methods of use for
such polymeric packaging mnterials.

Summary of the Invention

The above-mentioned problems with polymer irradiation and packagmg of
15 product materials and other problems are addressed by the invention. For simplicity,

product materials may be referred to simply as materials.

Stability studies of antibiotics packaged in gamma-irradiation sterilized polymer
packaging materials indicate results inconsistent with expectations. Predictions based
upon radiation stability of various polymers suggest that polyethylene would be inferior

20 to several polymers in protecting oxidation-sensitive materials from oxidative

degradation subsequent to gamma irradiation, that is, polyethylene would be expected to

induce increased levels of oxidative degradation over various other polymers. However,
the studies disclosed herein reveal that some classes of polyethylene are unexpectedly

'

superior m their ability to protect materials from oxidative degradation subsequent to

25 gamma irradiation.

Skiens and Williams teach that considerable carbon-carbon bond cleavage occurs
in polyethylene upon irradiation. lomzin^Rad^ ,006. As oxidative degradation
is generally related to free radicals resulting from scission, polyethylene would be
expected to offer only marginal protection against oxidative degradation due to the

30 considerable scission resulting from gamma irradiation. Accordingly, the ability of
polyethylene to protect materials against oxidative degradation, as disclosed herein, is

greater than expected.

-4-
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The invention is applicable lo all maieriais requiring gamina irradiarion or

gamma-irradiaied packaging for storage, transport or use. These materials include

medicinal products. Medicinal products are those substances used to prevent or treat

disease, injury or pain. Medicinal products may have human or animal applications.

5 Accordingly, pharmaceuticals and veterinary products are suitable for use with the

invention.

The invention is further applicable to materials sensitive to oxidative

degradation. As used herein, a material is sensitive to oxidative degradation, or is

oxidation sensitive, if the material suffers low potency of an active ingredient, reduced

10 formulation efficacy, higher levels of impurities unacceptable formulation physical

properties, shorter product shelf life or monetary loss as a result of contact with

irradiation-induced peroxidic radicals. Primary examples include anti-infectives such as

antibiotics, anti-fungals and anti-virals. However, oxidation-sensitive drugs in all

classical pharmaceutical categories are well known. These categories include, but are

15 not limited to, anti-histamines, laxatives, vitamins, decongestants, gastrointestinal

sedatives, antacids, anti-inflammatory substances, anti-manics, coronary vasodilators,

peripheral vasodilators, cerebral vasodilators, psychotropics, stimulants, anii-diarrheal

preparations, anti-anginal drugs, vasoconstrictors, anti-coagulants, anti-thrombotic

drugs, analgesics, anti-pyretics, hypnotics, sedatives, anti-emetics, growth promoters,

20 anti-nauseants, anti-convulsants, neuro-muscular drugs, hyper and hypoglycemic agents,

thyroid and anti-thyroid preparations, diuretics, cytotoxic compounds, ophlhalmics, anti-

spasmodics, uterine relaxants, anti-obesity drugs, anthelmintics, hormones, vaccines,

mineral and nutritional additives and more.

Another category of materials of special interest is the genetically-engineered

25 biopharmaceuticals which have special packaging needs to protect them from oxidative

degradation.

Within the antibiotics family noted above, the classes of cephalosporins,

lincosamides, quinolones, oxazolidinones, tetracyclines, penicillin and penicillin

derivatives are of special interest, although almost all antibiotics are considered lo be

30 oxidation sensitive. In particular, the invention is applicable for use with pirlimycin,

ceftiofur, lincomycin, neomycin, penicillin G and novobiocin.

In addition to oxidation-sensitive medicinal active ingredients, other non-active

constituents of pharmaceutical formulations (products), such as vehicles and excipienls
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may undergo oxidat.ve desradation upon exposure to irradiated pacl^aging materials.

Oxidative degradation oi a vehicle and/or excipient in a pharmaceutical formulation,

even if the drug itself does not oxidize, could produce formulations with unacceptable

characteristics before the end of the formulation s shelf life. Such unacceptable

5 properties could include poor suspension resuspendabiliiy, difficult formulation

syringability, objectionable product odor, color or taste, and reduction of preservative

action. Formulations having an oxidation-sensitive constituent will be considered

oxidation sensitive as a whole.

The polyethylene-containing packaging materials utilized in various

10 embodiments of the invention may contain one or more additives incorporated with the

polyethylene. Such additives include, but are not limited to, mold-release agents,

stabilizers, antioxidants, aniirads. compounding agents, lubricants, slip agents, colorants

and copolymers. Preferably, polyethylene is the predominant constituent in the

packaging material. While other polymers may be added to the polyethylene as

15 copolymers without depaning from the scope of the invention, it is recognized that such

additions may result in higher levels of induced oxidative degradation of product

material due to the inclusion of such other polymers in the packaging material.

As used herein, a packaging material is in contact with a product material if it is

in direct and physical contact with the product material. A packaging material is also in

>0 contact with a product material if irradiation-induced radicals from the packaging

material are free to migrate to a surface of the product material, e.g., through a semi-

permeable member.

In one embodiment, the invention provides a method of packaging a material.

The method includes depositing the material in a container, wherein the container

comprises polyethylene having a density of greater than approximately 0.925 g/cc. The
method funher includes exposing the container to gamma irradiation, wherein exposing

the container to gamma irradiation occurs at at least one time selected from the group

consisting of prior to depositing the material in the container, during depositing the

material in the container and after depositing the material in the container, further

30 wherein exposing the container to gamma irradiation occurs at an ambient process

temperature above approximately 4°C.

In another embodiment, the invention provides a method of packaging a

medicinal product. The method includes depositing the medicinal product in a

25

-6-
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container, wherein the container comprises polyethylene having a density of greater than

approximately 0.925 g/cc. The method further includes exposmg the container lo

gamma irradiation, wherein exposing the container to gamma irradiatjon occurs at at

least one lime selected from the group consisting of prior to depositing the medicinal

product in the container, during depositing the medicinal product in the container and

after depositing the medicinal product in the container.

In a further embodiment, the invention provides an article. The article includes a

material and polyethylene in contact with the material, wherein the polyethylene has a

density of greater than approximately 0.925 g/cc, further wherein the polyethylene is

exposed to gamma irradiation at at least one time selected from the group consisting of

prior to contacting the material and after contacting the maieriaK still further wherein the

polyethylene is exposed to gamma. irradiation at an ambient process temperature above

approximately 4^C.

In a still further embodiment, the invention provides an article. The article

includes a material and a container, wherein the container comprises polyethylene

having a density of greater than approximately 0.925 g/cc, further wherein the material

is deposited in the container. The container is exposed to gamma irradiation at at least

one time selected from the group consisting of prior to depositing the material in the

container, during depositing the material in the container and after depositing the

material in the container, further wherein the container is exposed to gamma irradiation

at an ambient process temperature above approximately 4°C.

In yet another embodiment, the invention provides an article. The article

includes a medicinal product and a container, wherein the container comprises

polyethylene having a density of greater than approximately 0.925 g/cc, further wherein

the medicinal product is deposited in the container. The container is exposed to gamma

irradiation at at least one time selected from the group consisting of prior to depositing

the medicinal product in the container, during depositing the medicinal product in the

container and after depositing the medicinal product in the container.

Brief Description of the Drawings

Figure 1 is an elevation view of a radiation source and an article according to one

aspect of the invention.
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Fiourc 2 is a plan and eievaiion view of an anicJe accordins lo anoiher aspect of

the inveniion.

Figure 3 is a plan and eievaiion view of an anicle according lo a further aspect of

the invention.

Figure 4 is an elevation view of an anicle according to a siiil further aspect of

the inveniion.

Figure 5 is a sectional view of one embodiment of a composite container in

accordance with the invention.

Figure 6 is a sectional view of another embodiment of a composite container in

accordance with the invention.

Detailed Description of the Invention

In the following detailed description of the invention, reference is made to the

accompanying drawings which form a part hereof, and in which is shown, by way of

illustration, specific embodiments in which the invention may be practiced. In the

drawings, like numerals describe substantially similar components throughout the

several views. These embodiments are described in sufficient detail to enable those

skilled in the art lo practice the invention. Other embodiments may be utilized and

structural, logical, and other changes may be made without departing from the scope of

the inveniion. The following detailed description is, therefore, not to be taken in a

limiting sense, and the scope of the invention is defined only by the appended claims,

along with the full scope of equivalents to which such claims are entitled.

Polyethylene is commonly divided into classes based on its density. Classes

commonly used include low density polyethylene (LDPE), medium density polyethylene

(MDPE) and high density polyethylene (HOPE). This list of classifications should not

be considered as a standard or a complete list of classifications. It is provided merely to

focus the following narrative.

Given these rather loose classifications, polymer characteristics vary among
multiple producers of a given class of polyethylene, or among multiple grades of a given

class by one producer. Furthermore, what one producer terms LDPE might be

considered MDPE by another producer. Despite these variations, some generalizations

can be made.
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Table 1 lists lypical values for some physical, mechanical and thermal properties

of LDPE as used herein.

Table 1

Typical Propenies of Low Density Polyethylene

Property Value Range / Comments
Density, g/cc 0.91 0.910-0.925 g/cc

Hardness, Shore D 44 4 1-46 Shore D
Tensile Strength, Yield, MPa 10 4-16 MPa: ASTM D638

Tensile Strength, Ultimate. MPa 25 7-40 MPa
Modulus of Elasticity, GPa 0.2 0.07-0.3 GPa; In Tension;

ASTM D638

Fiexural Modulus, GPa 0.4 0-0.7 GPa; ASTM D790
Coefficient of Thermal Expansion,

linear 20°C, Mm/m-^C

30 20-40 Mm/m°lC; ASTM D696

Melting Point, °C 115

Table 2 lists typical values for some physical, mechanical and thermal properties

of MDPE as used herein.

Table 2

Typical Properties of Medium Density Polyethylene

Property Value Range / Comments
Density, g/cc 0.93 0.926-0.940 g/cc

Hardness. Shore D 55 50-60 Shore D
Tensile Strength. Yield. MPa 16 8-24 MPa: ASTM D638

Tensile Strength, Ultimate, MPa 25 8.3-45 MPa
Modulus of Elasticity, GPa 0.3 0.14-0.41 GPa; In Tension;

ASTM D638

Fiexural Modulus, GPa 0.7 ASTM D790

Coefficient of Thermal Expansion,

linear 20°C, nm/m-°C
27 ASTM D696

Melting Point, °C 125

Table 3 lists typical values for some physical, mechanical and thermal propenies

of HDPE as used herein. HDPE may further include higher density polyethylenes

beyond the density range of 0.941-0.97 g/cc listed here as lypical.
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Table 3

Typical Properties of High Density Polvethylene

Properlv Value Range / Comments
Densitv. s/cc

0.95 0.941-0.97 o/cc

Hardness, Shore D 65 60-70 Shore D
Tensile Strensih. Yield. MPa 30 20-40 MPa: ASTM D638
Tensile Strength. Ultimate. MPa 50 20-70 MPa
Modulus of Elasticity, GPa 0.8 0.4- J.2 GPa; In Tension;

ASTM D638
FlexuraJ Modulus. GPa 1.4 0.7-2 GPa; ASTM D790
Coefficient of Thermal Expansion,
linear 20 lC,fim/m-°C

22 ASTM D696

Melting Point, "C 130

Stability studies were conducted using a pirlimycin aqueous formulation

packaged m containers comprising a variety of gamma-irradiation sterilized polymer
materiaJs. These polymers represented seven different types of functional monomers.
The polymer materials included polystyrene (PS), polycarbonate (PC), polyester (PET),

aciylonitrile/butadiene/styrene (ABS), poly(styrene acrylonitrile) (SAN), Nylon 66,

LDPE, HOPE and polypropylene (PP). The testmg comprised filling the aqueous

pirlimycin into the containers, wherein the containers were exposed to gamma
irradiation prior to depositing the material into each container.

The expectation based on historical literature was that polymers that undergo

more scission would provide a less compatible packaging material than those that

undergo more crosslinking. Some known ratios of scission to crosslinking are:

Polypropylene =0.5 (high degree of scission)

Polyethylene =0.3

Polystyrene =0 (low degree of scission)

The irradiation doses needed to produce significant damage, i.e., degradation due
to scission processes, to these polymers are:

Polypropylene =10Mrad

Polyethylene =100Mrad

Polystyrene =1000 Mrad

Although evolution of volatile organic compounds is less in higher density

polyethylenes. LDPE and MDPE can withstand significantly more irradiation than

10-
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HDPE before experiencing equivaleni degradation of physical properties. As an

example. LDPE and MDPE can withstand approximately 100 Mrad or more of

irradiation before experiencing equivaleni elongation under stress as with HDPE

irradiated to approximately 10 Mrad.

5 Crosslinking predominates over scission in poiyacr>'lic esiers, polyacrylic acid,

polyacrylamide, butadiene-acrylonitrile copolymers and styrene-acrylonitriJe

copolymers. This is also generally true for aliphatic polyamides, i.e.. Nylon 66.

Polymers containing aromatic rings as a functional group in the monomer, i.e.,

polystyrene, polycarbonate and polyester, also generally are more resistant to irradiation-

10 induced degradation than polyolefins, i.e., polyethylene and polypropylene.

Given that scission has been, linked with the production of radicals and that

scission is related to a degradation of mechanical properties, the relative amount of

radiation needed to cause degradation of mechanical properties was used to rank the

polymers in their ability to protect product from oxidative degradation. Of the polymers

15 tested, the preliminary ranking was generally as follows, where polypropylene was

expected to have the least ability to protect product against oxidative degradation:

PS, PC, PET, ABS, SAN, Nylon 66 > LDPE, HDPE > PP

Unexpectedly, experimental stability studies using the piriimycin aqueous

formulation in gamma-irradiation sterilized packaging produced a much different

20 ranking inconsistent with accepted literature. Based on their ability to protect the

piriimycin aqueous formulation from oxidative degradation, the polymers ranked as

follows, where product packaged in SAN suffered the highest level of oxidative

degradation.

HDPE > PC > Nylon 66 > PS > PET > PP > LDPE > ABS > SAN

25 As noted above, differences exist between multiple producers of a given class of

polymer. Accordingly, in cases having multiple producers for a given class of polymer,

data averages were used to determine ranking.

The foregoing results were supported with similar stability studies performed on

an aqueous formulation of another lincosamide antibiotic. Results were further

30 supponed with stability studies performed on two formulations of cephalosporin

antibiotics, i.e.,

oil-based cefiiofur hydrochloride and ceftiofur crystalline free acid suspensions. In all

cases, containers comprised predominantly of polyethylene of density greater than
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0.925 s/cc demonsiraied accepiabiy low levels of induced oxidative degradation in the

product material.

Figure
1 illustraLs a known sterilization system which can be used in the present

invention. Sterilization system 100 has a radiation source 10 for producing gamma
radiation 20 and may also inculdes a conveyor 90 for passing anicles through the gamma
radiation 20. Radiation source 10 may produce gamma radiation 20 in all directions (not

shown) or may focus the gamma radiation 20 to a more localized area as depicted in

Figure 1.

Article 50 includes a bottle 70 with a cap 60 sun-ounding material 80. Bottle 70

and cap 60 may be referred to in combination as a container. Although anicle 50 is

depicted as a bottled material in this embodiment, article 50 can take the fonii of any

three dimensional cor.tair.er s-^rrcunding material 80. Furthermore, although material 80
is depicted as a liquid in this embodiment, matenal 80 can take any physical fonn,

including, but not limited to, solution, solid, gas, powder, granule, tablet, gel,

suspension, paste or other physical fomi. Solutions and suspensions may be aqueous,

oil-based or other solvent-based compositions.

At least one component of the container, e.g., cap 60 and bottle 70. contains

polyethylene. The polyethylene is of the MDPE or HDPE classification, thus having a

density of greater than approximately 0.925 g/cc. A preferred range of polyethylene

density is approximately 0.926 to 0.97 g/cc. A more prefen-ed range of polyethylene

density is approximately 0.941 to 0.97 g/cc. In one embodiment, the polyethylene is in

contact with material 80. In another embodiment, the polyethylene is a predominant

constituent of the container.

Anicle 50 is brought into the gamma radiation 20 on conveyor 90. Article 50

may be moved through the gamma radiation 20 in a continuous fashion, or it may pause

within the gamma radiation 20 for a period of time. The exposure for a given intensity

of radiation source 10 can be regulated by controlling the speed of the conveyor, or the

length of the paiise within the gamma radiation 20.

The invention is expected to be most applicable to irradiation dosage levels of up
to approximately 100 kGy ( 10 Mrad). A preferred range of irradiation dosage levels is

15 to J 00 kGy (1.5 to 10 Mrad). A more prefened range of irradiation dosage levels is

15 to 60 kGy (1.5 to 6.0 Mrad). A still more prefen-ed range of irradiation dosage levels

is 25 to 60 kGy (2.5 to 6.0 Mrad).
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While the invention is further applicable to all ambient process temperatures

within the processing limits of the polyethylene, a preferred range of ambient process

temperatures is above approximately A^'C. A more preferred ambieni process

temperature is approximately 25°C. The ambieni process temperature is the temperature

at which the anicle is exposed to gamma irradiation, and does not reflect any anticipated

temperature rise of the anicle, product material or packaging material due lo absorption

of the incident radiation.

Material 80 is deposited in the container using packaging techniques well known

in the an. As one of ordinary skill in the an will recognize, packaging techniques are

dependent upon the nature of the material to be packaged, the nature of the container

into which the material is to be packaged, and the quality constraints placed on the

finished article. The invention, however, is not dependent upon the packaging technique

utilized.

Material 80 may be deposited in the container prior to gamma irradiation as

shown in Figure 1
. Alternatively, bottle 70 and cap 60 may be exposed to gamma

irradiation prior to receiving material 80 in a manner similar to that depicted in Figure 1,

Such gamma irradiation of containers or their components is often utilized in

conjunction with an aseptic fill operation well understood in the art where it may be

desirable to avoid gamma irradiation of an already sterile material. Pre- and post-filling

gamma irradiation may also be utilized with the invention. While not generally

considered common manufacturing practice, gamma irradiation may further be utilized

with the invention during packaging of the material 80 into a container.

In addition, although Figure 1 depicts gamma radiation 20 irradiating article 50

from above, the invention is not dependent upon the angle of incidence of gamma

radiation 20. Gamma radiation 20 may irradiate article 50 from any angle as the gamma

radiation 20 is expected to pass through anicle 50. Funhermore, although Figure 1

depicts one radiation source 10 irradiating anicle 50, the invention is equally applicable

to the use of multiple radiation sources 10.

Figure 2 depicts another embodiment of an article 50 in accordance with the

invention. Anicle 50 is depicted as a blister-pack product in this embodiment. Anicle

50 includes a backing 260 and a blister 270 surrounding material 80. Material 80 is

depicted as tablets. Backing 260 and blister 270 may be refened to in combination as a

container.

- 13-
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Ai ieasi one componeni of the coniainer. i,e.. backing 260 and blister 270,

coniains poiyeihylene. The poiyeihylene is of the MDPE or HDPE classification. Jn

one embodimenl, the poJyethyJene is m contact with materia] 80. In another

embodiment, at least one componeni of the container, i.e.. backing 260 and blister 270.

is predominantly polyethylene.

Backing 260 often contains a non-polymer ponion, such as a metal foil ponion

in a composite film commonly used in such packaging configurations. In one

embodiment, a polymer portion of backing 260 contains polyethylene. In a further

embodiment, a polymer ponion of backing 260 is predominantly polyethylene.

Figure 3 depicts another embodiment of an article 50 in accordance with the

invention. Article 50 is depicted as a pouch product in this embodiment. Article 50

includes a first side 360, a second side 370 and seal ponions 305 surrounding material

80. Material 80 is depicted as a liquid. Seal portions 305 may be extended further

around the perimeter of article 50 depending upon whether article 50 is formed from a

polymer tube (as shown), a single sheet of polymer (with seal portions extending around

three edges; not shown) or two sheets of polymer (with seal portions extending around

four edges; not shown). First side 360 and second side 370 may be referred to in

combination as a container.

At least one component of the coniainer, i.e., first side 360 and second side 370,

contains polyethylene. The polyethylene is of the MDPE or HDPE classification. In

one embodiment, the polyethylene is in contact with material 80. In another

embodiment, at least one component of the container, i.e., first side 360 and second side

370, is predominantly polyethylene.

Figure 4 depicts a further embodiment of an article 50 in accordance with the

invention. Article 50 is depicted as a syringe product in this embodiment. Article 50

includes a plunger 460. a barrel 465, a cannula 470 and a cap 475 surrounding material

80. Material 80 is depicted as a liquid. Plunger 460, barrel 465, cannula 470 and cap

475 may be referred to in combination as a container.

At least one component of the container, i.e., plunger 460, barrel 465, cannula

470 and cap 475, contains polyethylene. The polyethylene is of the MDPE or HDPE
classification. In one embodiment, the polyethylene is in contact with material 80. In

one embodiment, at least one component of the coniainer, i.e., plunger 460, barrel 465,
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cannula 470 and cap 475. is predominaniiy polyethylene. In another embodimeni, barrel

465 is predominaniiy polyethylene.

The invention is not limited to the use of containers or their components

consisting purely of polyethylene. Additives are commonly found in commercial

polyeihyienes. Some additives include, but are not limited to, mold-release agents,

stabilizers, antioxidants, antirads, compounding agents, lubricants, slip agents, colorants

and copolymers. Aside from additives, containers in accordance with the invention may

also be composite containers. Two examples of composite containers are depicted in

Figures 5 and 6.

Figure 5 depicts a portion of a container wall showing material 80 in contact

with a polyethylene layer 505. Polyethylene layer 505 is predominaniiy polyethylene,

but may contain additives as noted above. Polyethylene layer 505 is in contact with

layer 515. Layer 5 1 5 may be utilized in conjunction with polyethylene layer 505 to

improve structural integrity of the composite container, to enhance physical

characteristics of the composite container or to reduce the overall cost of the container

over one made exclusively of polyethylene. Layer 515 may be of any composilion

consonant with the aforementioned goals. Common compositions include metals for

improved structural integrity, glass for impermeability and fiberboard for reduced cost.

Figure 6 depicts a portion of a container wall showing material 80 in contact

with a semi-permeable layer 625. Semi-permeable layer 625 is in contact with

polyethylene layer 605. Polyethylene layer 605 is predominantly polyethylene, but may

contain additives as noted above. Semi-permeable layer 625 protects polyethylene layer

605 from physical contact with material 80, but is permeable to irradiation-induced

radicals in polyethylene layer 605 such that the irradiation-induced radicals are free to

migrate through semi-permeable layer 625 to a surface of material 80. Accordingly,

polyethylene layer 605 is in contact with material 80 as defined above.

Conclusion

Articles of product material in gamma-irradiated packaging have been disclosed,

wherein the gamma-irradiated packaging contains polyethylene. Polyethylene has been

shown to possess characteristics which are both unexpected and superior to those

suggested by historical literature. Articles of the invention are particularly suited to
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10

oxidatjon-sensiiive pioduci materials and medicinai products. Methods of prodiicinp

such articles are further disclosed.

All publications, patents and patent applications are incorporated herein by

reference. While in the foregoing specification this invention has been described in

relation to cenain embodiments thereof, and many details have been set forth for

purposes of illustration, it will be apparent to those skilled in the art that the invention is

susceptible to additional embodiments and that certain of the details described herein

may be varied considerably without departing from the basic principles of the invention.

As an example, the invention is suitable for a wide variety of containers, including, but

not limited to, bottles, vials, mastitis syringes, prescription syringes, ampules, pouches,

blister packs, cylinders, tubes, drums, pails, canisters and more. Therefore, it is

manifestly intended that this invention be limited only by the cjaims and ihc equivalents

thereof.
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Whai is claimed is;

1
. A method of packaging a maierial. comprising:

depositing the material in a container, wherein the container comprises

5 polyethylene having a density of greater than approximately 0.925 g/cc: and

exposing the container to gamma irradiation, wherein exposing the container to

gamma irradiation occurs at at least one time selected from the group consisting of prior

to depositing the maierial in the container, during depositing the material in the

container and after depositing the material in the container, further wherein exposing the

10 container to gamma irradiation occurs at an ambient process temperature above

approximately 4''C.

2. The method of claim 1 , wherein exposing the container to gamma irradiation

comprises exposing the container to gamma irradiation to a dosage of up to

15 approximately 100 kGy.

3. The method of claim 1 , wherein exposing the container to gamma irradiation

comprises exposing the container to gamma irradiation to a dosage of approximately 15

to 60 kGy,

20

4. The method of claim 1, wherein exposing the container to gamma irradiation

comprises exposing the container to gamma irradiation to a dosage of approximately 25

to 60 kGy.

25 5. The method of claim 1, wherein the polyethylene further has a density of

approximately 0.926 to 0.97 g/cc.

6. The method of claim 1, wherein the polyethylene further has a density of

approximately 0.941 to 0.97 g/cc.

30

7. The method of claim 1, wherein the polyethylene is in contact with the material

after depositing the maierial in the container.
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S. The method o, ciaim i
.
wherein expos.n. ,he con.a.ner .0o„ i,,3d,auon

funher occurs a, an amb.en. process .empera.ure oi approx.ma.ely 25°C.

9.

10.

The method of ciaim 1. wherein the material is oxidation sensitive

A method of packaging a medicinal product, comprising:

depositing the medicmal product in a container, wherein the container comprises
polyethylene having a density of greater than approximately 0.925 g/cc; and

exposing the container to gamma irradiation, wherein exposing the container to
gamma irradiation occurs at at least one time selected from the group consisting of prior

.0 depositing the medicinal product in the container, during depositing the medicinal
product m the container and after depositing the i^edicinai product in the container.

11- The method of claim 10, wherein exposing the container to gamma irradiation
comprises exposing the container to gamma irradiation to a dosage of up to

approximately 100 kGy.

12. The method of claim 10. wherein exposing the container to gamrna irradiation

comprises exposing the container to gamma iiradiation to a dosage of approximately 1

5

to 60 kGy.

13. The method of claim 10. wherein exposing the container to gamma irradiation

comprises exposing the container to gamma irradiation to a dosage of approximately 25
to 60 kGy.

14. The method of claim 1 0, wherein the polyethylene further has a density of
approximately 0.926 to 0.97 g/cc.

15. The method of claim 10, wherein the polyethylene further has a density of
approximately 0.941 to 0.97 s/cc.

18-
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16. The method of claim 10. wherein exposmc the container to gamma irradiation

comprises exposing the container to gamma irradiation at an ambient process

temperature above approximately 4°C.

5 17. The method of claim 1 0. wherein exposing the container to gamma iiradiaiion

comprises exposing the container to gamma irradiation at an ambient process

temperature of approximately 25°C.

10

18. The method of claim 10, wherein the medicinal product is oxidation sensitive.

19. The method of claim ) 0, vvherein the medicinal product is an anii-infeciive.

20. The method of claim 19. wherein the anti-infective is an antibiotic.

15 21. The method of claim 19, wherein the anti-infective is an antibiotic selected from

the group consisting of cephalosporins, lincosamides, quinolones, oxazolidinones,

tetracyclines, penicillin and penicillin derivatives.

22. The method of claim 19, wherein the anti-infective is an antibiotic selected from

. 20 the group consisting of pirlimycin, ceftiofur, lincomycin, neomycin, penicillin G and

novobiocin.

23. The method of claim 10, wherein the polyethylene is in contact with the

medicinal product after depositing the medicinal product in the container.

25

24. An article, comprising:

a material; and

polyethylene in contact with the material, wherein the polyethylene has a density

of greater than approximately 0.925 g/cc, further wherein the polyethylene is exposed to

30 gamma irradiation at at least one time selected from the group consisting of prior to

contacting the material and after contacting the material, still further wherein the

polyethylene is exposed to gamma irradiation at an ambient process temperature above

approximately 4°C.
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25. The anicle of cioim 24. wherein ,he poiyeihyiene is exposed io gamma
irradiation to a dosage of up to approximately 100 kGy.

26. The article of claim 24. wherein the polyethylene is exposed to gamma
irradiation to a dosage of approximately 1 5 to 60 kGy.

27. The article of claim 24. wherein the polyethylene is exposed to gamma
irradiation to a do.sage of approximately 25 to 60 kGy.

28. The article of cla™ 24. wherein the polyethylene further has a density of
approximately 0.926 to 0.97 g/cc.

29. The anicle of claim 24. wherein the polyethylene further has a density of
approximately 0.94 1 to 0.97 g/cc.

30. The article of claim 24. wherein the polyethylene is exposed to gamma
irradiation at an ambient process temperature of approximately 25°C.

31. The anicle of claim 24, wherein the material is oxidation sensitive.

32. An article, comprising:

a material; and

a container, where.n the container comprises polyethylene having a density of
greater than approximately 0.925 g/cc, funher wheretn the material is deposited m the

container;

wherein the container is exposed to gamma irradiation at at least one time
selected from the group consisting of prior to depositing the material in the container,
during depositing the material in the container and after depositing the material in the

container, funher wherein the container is exposed to gamma irradiation at an ambient
process temperature above approximately 4X,
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33. The article of ciaiin 32. wherein the container is exposed to gamma irradiation to

a dosage of up lo approximaieJy 100 kGv.

34. The anicle of claim 32. wherein the container is exposed to gamma irradiation to

5 * a dosage of approximately 15 to 60 kGy.

35. The article of claim 32, wherein the container is exposed to gamma irradiation to

a dosage of approximately 25 to 60 kGy.

10 36. The article of claim 32. wherein the polyethylene further has a density of

approximately 0.926 to 0.97 g/cc.

37. The article of claim 32, wherein the polyethylene further has a density of

approximately 0.94 1 to 0.97 g/cc.

15

38. The article of claim 32, wherein the container is exposed to gamma irradiation at

an ambient process temperature of approximately 25°C.

39. The article of claim 32, wherein the polyethylene is in contact with the materia]

20 after depositing the material in the container.

40. The article of claim 32, wherein the material is oxidation sensitive

41. An article, comprising:

25 a medicinal product; and

a container, wherein the container comprises polyethylene having a density of

greater than approximately 0.925 g/cc, further wherein the medicinal product is

deposited in the container;

wherein the container is exposed to gamma irradiation at at least one time

30 selected from the group consisting of prior to depositing the medicinal product in the

container, dunng depositing the medicinal product in the container and after depositing

the medicinal product in the container.
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42. 1 he ariicle oi ciaim 4 1 . wherein ihe container ls exposed lo oamma irradiation at

an ambient proces.s lemperaiitre above approxiinaieiy 4''C.

43. The article of claim 4 1 . wherein the container is exposed to gamma irradiation at

an ambient process temperature of approximately 25°C.

44. The article of claim 4 1 , wherein the container is exposed to gamma irradiation to

a dosage of up to approximately 1 00 kGy.

45. The article of claim 4 1 , wherein the container is exposed to gamma irradiation to

a dosage of approximately 1 5 to 60 kGy.

46. The article of claim 41
, wherein the container is exposed to gamma irradiation to

a dosage of approximately 25 to 60 kGy.

47. The article of claim 4 1 , wherein the polyethylene further has a density of

approximately 0.926 to 0.97 g/cc.

48. The anicle of claim 4 1 , wherein the polyethylene funher has a density of

approximately 0.941 to 0.97 g/cc.

49. The anicle of claim 4 1 , wherein the medicinal product is oxidation sensitive.

50. The article of claim 4 1 , wherein the medicinal product is an anti-infective.

51. The article of claim 50, wherein the anti-infective is an antibiotic.

52. The anicle of claim 50, wherein the anti-infective is an antibiotic selected from

the group consisting of cephalosporins, lincosamides, quinolones, oxazolidinones,

tetracyclines, penicillin and penicillin derivatives.
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53. The anicie oi' claim 50. wherein the anii-infeciive is an antibioiic selecied from

the group consisting of piriimycin. cefiiofur, lincomycin, neomycin, penicillin G and

novobiocin.

54. The anicie of claim 4 1 , wherein the polyethylene is in contact with the medicinal

product after depositing the medicinal product in the container.
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